SUMMARY Nineteen consecutive patients with the Wolff-Parkinson-White syndrome underwent electrophysiologic study 7-39 days (mean 11 days) after operative division of their accessory pathways. All patients had a poor response to medical management before surgery. The results from 16 adult patients were compared with published control data. There was no difference between control and postoperative groups in the effective refractory period (ERP) and functional refractory period (FRP) of the atria. The ERP of the atrioventricular (AV) node was significantly shorter in the postoperative group than in the control group with pacing cycle lengths 450-549 msec (275 ± 46 msec vs 336 ± 41.7, p < 0.01) and 350-449 msec (244 ± 32 msec vs 333 i 30.3, p < 0.01). At all cycle lengths the FRP of the AV node was significantly shorter in the postoperative group than in the control group. In addition, conduction time over the AV node during fixed-rate atrial pacing was at least 100 msec shorter in the postoperative patients than in controls.
IN PATIENTS WITH THE WOLFF-PARKIN-
SON-WHITE syndrome, the ECG recorded during sinus rhythm classically shows an initial delta wave in the QRS complex. This delta wave is due to depolarization of part of the ventricle by impulses conducted over an accessory pathway (ventricular preexcitation). The QRS complex therefore records fusion between these impulses conducted over the accessory pathway and impulses conducted over the specific conduction tissues (atrioventricular (AV) node, bundle of His, and Purkinje system).'3-Conduction in the antegrade and retrograde direction over the accessory pathway prevents assessment of AV nodal function by electrophysiologic study in many of these patients." 5 Recently it has been suggested that there is an association between abnormal AV nodal function and ven-tricular preexcitation which predisposes patients with the Wolff-Parkinson-White syndrome to rapid reentrant arrhythmias.8 This study assesses AV nodal function in the Wolff-Parkinson-White syndrome by performing postoperative electrophysiologic studies in a consecutive series of patients who underwent surgical division of an accessory pathway.
Patient Population
From January 1976 through February 1977, 24 patients with the Wolff-Parkinson-White syndrome underwent surgery for division of an accessory pathway. These patients had been referred for evaluation of recurrent symptomatic tachyarrhythmias (reciprocating tachycardia or atrial fibrillation) refractory to medical therapy. All 24 patients had accessory pathways which conducted in both antegrade and retrograde directions (i.e., a delta wave was recorded on the ECG and conduction in the retrograde direction was documented during electrophysiologic study).
Four patients were not studied after the operation because they were minors, and their parents declined to consent. One patient was not studied because tricuspid valve replacement had been performed for Ebstein's anomaly. The remaining 19 patients underwent electrophysiologic study to demonstrate the result of surgery and to assess the AV conduction system. Sinus  AH  HV  nodal  AH interval Maximum  atrial  Patient Age  location  CL  interval interval conduction  at CL 300 AH interval fibrillation  1  19  Left   550  55  45   250  100  160  210  2  32  Left   500  50  40  290  85  85  285  3  21  Left  485  60  40  290  145  160  340*  4  32   Right  800  85  50  320  130   -t   5  16  Right   630  70  50  230  140  155  220  6  16  Left  545  35  40  250  90  135 The effective refractory period (ERP) and functional refractory period (FRP) of the atrium, AV node, and ventricle are defined as used previously.9, 14, 17 Enhanced A V nodal conduction.3' 6, 16 An electrophysiologic syndrome defined by: 1) an A-H interval in sinus rhythm < 60 msec; 2) 1:1 AV conduction maintained at a pacing cycle length of 300 msec; and 3) prolongation (< 100 msec) of the A-H interval from sinus rhythm to that obtained at a pacing cycle length of 300 msec.
Maximum A-H interval. The longest A-H interval recorded during fixed-rate pacing of the right atrium. In some patients the A-H interval could not be measured at the shortest cycle length which sustained 1:1 AV nodal conduction. left AV groove. Two patients had dual AV node pathways, but neither had a spontaneous or inducible reentrant tachyarrhythmia. In most patients the FRP of the atrium was encountered before the ERP of the AV node was achieved, and therefore the refractory periods of the AV node could not be measured exactly. To eliminate the possibility of an increase in atrial refractoriness as a result of surgery, preoperative and postoperative atrial refractory periods were compared and no statistical difference was found. In addition, there was no difference in the ERP or the FRP of the atrium between control and postoperative patients (table 2) . However, a definite dissimilarity in AV nodal function between control and postoperative patients was present.
Conduction over the AV node in the antegrade direction in the postoperative patients was compared with controls ( fig. 1) . At a pacing cycle length of 600 msec the A-H interval in the postoperative patients was 100 msec shorter than in the control patients (90 msec vs 190 msec). This large difference in AV nodal conduction became more marked as the pacing cycle length decreased. Thus, at a pacing cycle length of 350 msec, the difference in A-H interval between the postoperative and control patients was 140 msec (120 msec vs 260 msec).
In addition to differences in conduction, there were also differences in refractoriness between the postoperative and control patients. At the two shorter pacing cycle lengths (350-449 msec and 450-549 msec) the ERP of the AV node in postoperative patients was significantly less than in control patients (table 2) . At all pacing cycle lengths the FRP of the AV node was significantly less than control in postoperative patients (table 2) .
Assessment of AV Conduction in the Retrograde Direction
Conduction in the retrograde direction during fixedrate pacing of the right ventricle was present in 11 patients, and data from this group are given in table 3. To determine whether there was any electrophysiologic marker predictive for the presence of conduction in the retrograde direction, a variety of parameters were compared between groups of patients in whom conduction in the retrograde direction was and was not present (table 4). Spontaneous cycle length was similar in the two groups (592 ± 130 msec in patients who had conduction in the retrograde direction vs 645 ± 90 msec in patients who did not).
The A-H interval recorded in sinus rhythm was statistically different, and it was shorter in those pa- tients who had conduction in the retrograde direction (52 ± 16.5 msec vs 70 ± 8.6 msec). The A-H interval remained less at all cycle lengths of fixed-rate pacing of the atrium in this group ( fig. 2) .
The ventriculoatrial conduction time measured at each cycle length of fixed-rate pacing of the right ventricle for each of the 11 patients who had conduction in the retrograde direction is shown in figure 3 . Seven of the 11 patients had an insignificant increase (i.e., < 20 msec) in this conduction time at cycle lengths greater than 300 msec, and in one (patient 12) a retrograde His was seen during ventricular refractory The sequence of atrial activation during fixed-rate pacing of the right ventricle was determined in eight of the 11 patients with conduction in the retrograde direction. In all eight patients the endocardial map was consistent with atrial activation over the AV node.
Effect of the Postoperative Period on Electrophysiologic Results
The postoperative patients were divided into two subgroups to determine if the data obtained were influenced by the increase in sympathetic tone that can occur postoperatively. In five patients (group A), the heart rate during the postoperative electrophysiologic study was unchanged or less than the heart rate during the preoperative study and in 10 patients (group B), the heart rate was greater than during the initial study. There was no statistical difference in heart rate during the postoperative study between groups A and B (95 ± 19 vs 98 ± 16 beats/min). Furthermore, there was no statistical difference between groups in either the shortest atrial pacing cycle length in which 1: 1 AV nodal conduction occurred (322 + 45 vs 282 ± 38 msec, respectively) or the A-H interval at an atrial pacing cycle length of 350 msec (110 ± 32 vs 87 ± 28 msec, respectively). The sample sizes for the refractory period data were too small to permit meaningful statistical analysis. In addition to comparing the postoperative data between patients in groups A and B we compared preoperative and postoperative data wherever possible. At an atrial pacing cycle length of 300 msec the preoperative A-H interval for patients 2, 5, 6, 11 and 15 was 65, 50, 85, 55 and 95 msec, respectively, and the postoperative A-H interval was 85, 140, 90, 90 and 100 msec, respectively. Patient 4 had AV nodal Wenckebach at an atrial pacing cycle length of 280 msec preoperatively and 300 msec postoperatively. At an atrial pacing cycle length of 400 msec, patient 16 had preoperative and postoperative A-H intervals of 170 and 130 msec, respectively. As can be seen from the above data, no detectable postoperative enhancement of AV nodal conduction compared with preoperative studies appeared to be present in patients from either group A (4 and 15) or group B (2, 5, 6, 11 and 16). Discussion In the Wolff-Parkinson-White syndrome the functional properties of accessory pathways have been studied in detail.1, 4 6, 10, 18 However, little has been written about AV nodal function because the presence of an accessory pathway prevents complete assessment of the AV node in many patients. To obviate this problem, we studied this consecutive series of patients after surgical ablation of their accessory pathways. The findings in these referral patients, however, may not be representative of all patients with the WolffParkinson-White syndrome.
Although there was no difference in atrial refractoriness between the postoperative and control groups, there was a marked difference in AV nodal function. Conduction in the antegrade direction over the AV node was much faster in postoperative patients than in control patients, and refractory periods of the AV node were also significantly different. The FRP of the AV node was significantly shorter than control at all pacing cycle lengths and the ERP was shorter at the two faster pacing cycle lengths. Since the measurement of the ERP of the AV node in most of the postoperative patients was limited by atrial refractoriness, the calculated differences are probably an underestimation of the true differences between these Other findings suggestive of unusual AV nodal function in postoperative patients were a high incidence (10 of 17) of abnormally short A-H intervals (i.e., < 60 msec) and of enhanced AV nodal conduction (seven of 17). In fact, the incidence of enhanced AV nodal conduction in these patients was similar to that in a recently described group of patients with the Lown-Ganong-Levine syndrome.'5 Whether the above findings represent an underdeveloped AV node' 16 or an anatomically normal node with rapid conduction properties, perhaps secondary to a lack of parasympathetic tone,'9 is currently unknown. These findings are consistent with the rapid heart rates observed during reciprocating tachycardia in these referral patients as well as in other patients with the Wolff-Parkinson-White syndrome who have rapid reciprocating tachycardia and in whom the tachycardia circuit requires the AV node for conduction in the antegrade direction. Whether abnormal function of the AV node is present in most patients with the Wolff-ParkinsonWhite syndrome is also unknown.
AV conduction in the retrograde direction was present in 11 of 18 patients in the present study, which is in accord with previously reported incidences of 50-78% in patients without the Wolff-Parkinson-White syndrome.20 22 Also, in most patients, second-degree block in the retrograde direction occurred at longer cycle lengths than second-degree block in the antegrade direction.20 21, 23 Since other investigators have noted a higher incidence of ventriculoatrial dissociation in patients with antegrade conduction abnor- 21, 22 malities, a variety of antegrade functions were analyzed for predictive value regarding intact retrograde conduction. Only a short A-H interval during sinus rhythm increased the probability of finding intact conduction in the retrograde direction in a given patient.
It has been previously suggested that a constant ventriculoatrial conduction time recorded during fixed-rate pacing of the ventricle at progressively shorter cycle lengths indicates conduction over an accessory pathway (atrial preexcitation). 23 
